Purpose: To prevent excessive sliding and subsequent fixation failures in unstable intertrochanteric fractures with posteromedial comminution, extramedullary reduction through overlapping of the anteromedial cortices of both proximal and distal fragments as a buttress has been introduced. The purpose of this study was to compare the biomechanical properties between two reduction methodsintramedullary reduction and extramedullary reduction-in treating unstable intertrochanteric fractures with posteromedial comminution (AO/OTA classification 31-A2.2).
Introduction
Hip fractures mainly occur in elderly patients, and most of them are treated surgically to enable early ambulation and minimize complications. Recent studies emphasized the importance of neck length after osteosynthesis of intertrochanteric (IT) fracture as well as in femoral neck fracture to restore hip function after union. [1] [2] [3] [4] Several neck lengthpreserving techniques have been introduced with some success in femoral neck fracture but rarely in unstable IT fracture. 5, 6) Compression hip screws and intramedullary (IM) nails are commonly used for the operative treatment of IT fractures. These devices are manufactured to allow sliding along the lag screw to achieve compression at the fracture site and to obtain better stability. IM nailing is preferred for unstable IT fractures owing to its mechanical advantages, especially among young surgeons. In order to avoid excessive sliding in unstable IT fractures with posteromedial (PM) comminution and in reverse obliquity fracture, EM reduction has been introduced to reduce the sliding distance and shortening of the lever arm. [9] [10] [11] [12] [13] In EM reduction, the AM cortical bone of the proximal fragment has early bony contact with the distal fragment during sliding, and it theoretically plays a role as a buttress from the beginning and prevents excessive sliding and varus deformity 
Materials and Methods

Specimen preparation
Eight matched pairs of fresh frozen human cadaveric femora (76.8±10.1 years), which were donated to our university, were used for this study. The donors were 3 male and 5 female cadavers. We excluded specimens with previous hip fracture, hip surgery, gross defect or abnormality of the femur, and radiological abnormality of the femur. Each cadaver was maintained at -20 o C before the experiment.
The cadavers were thawed at room temperature for 12
hours. All surrounding soft tissues were removed, and the femora were extracted. None of the cadavers were excluded.
The femora of each pair were randomly assigned to the IM reduction and EM reduction groups using Excel 2010 random number generator (Microsoft, Redmond, WA, USA).
Fracture pattern and reduction type
Unstable IT fractures with PM defects including the lesser and greater trochanters (AO/OTA classification 31-A2.2)
were created using an oscillating saw and osteotome ( Fig.   1 ). Owing to loss of the lesser trochanter and trochanteric crest of the greater trochanter, the contact area between the proximal and distal fragments was limited and very unstable. The PM defect lesion was filled with soft clay 14) that did not harden for several days to keep the fragments in position for further study. The soft clay held the fragments in position, but it did not interfere with the sliding because it was expelled through a large PM defect during mechani- 
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cal loading. IM reduction was made by placing the AM cortex of the proximal fragment in the medullary canal of the distal shaft fragment (Fig. 2) . EM reduction was made by placing the AM cortex of the proximal fragment outside of the AM cortex of the distal fragment (Fig. 3 ). Three K-wires were used for temporary fixation to maintain the reduction status. The femora were resected 25 cm from the femoral head and were mounted onto the testing device.
Instrumentation
In all specimens, a 130-degree intertrochanteric/sub- 82 was inserted after reaming. The calcar-referenced tip-apex distance 15) was less than 25 mm in all specimens. A distal interlocking screw and sliding cap were inserted and tightened.
Mechanical testing
Instron 3366 (Instron, Norwood, MA, USA) was used for testing. Each specimen was embedded distally with 15 degrees of inclination in the coronal plane. The angle of 15 to 25 degrees in the varus position was similar to the angle at which the proximal femur was loaded in a single-legged stance phase and was used in several previous biomechanical studies. [15] [16] [17] Assessments were conducted as a single axial load-destruction test with a constant speed of 10 mm/ min. A preload of 10 N was applied before the test (Fig. 4 ).
Load-displacement curves until fixation failure were collected. The axial stiffness, maximum load to failure, and energy absorbed to failure were calculated from the loaddisplacement curve. Additionally, the mechanical failure patterns were identified. Fixation failure was defined as lag screw cut-out, nail breakage, secondary fracture of the femur, or axial displacement over 20 mm.
Statistical analysis
All statistical analyses were performed using IBM SPSS ver. 20 (IBM Co., Armonk, NY, USA). The Wilcoxon signed-rank test was used for comparing the 2 reduction groups. Statistical significance was set at p<0.05.
Results
Biomechanical properties
The mean axial stiffness in the EM reduction group was 27.3% higher compared to that in the IM reduction group (p=0.017). Additionally, compared to the values in the IM reduction group, the mean maximum load to failure and mean energy absorbed to failure in the EM reduction group were 44.9% and 89.6% higher, respectively (p=0.012 and p=0.012, respectively) ( Table 1) . 
Mechanical failure patterns
In the IM reduction group, all specimens showed sliding and varus deformities of the proximal fragment. Fixation failures included lag screw cutout in 7 specimens and axial displacement over 20 mm in 1 specimen.
In the EM reduction group, sliding and varus deformity was noted in 6 specimens after rotation of the proximal fragments (3 external rotation and 3 internal rotation), and medial slippage also occurred in 2 specimens (Table 2 ).
There was no breakage of the AM cortex of the proximal fragment before fixation failure in either group.
Discussion
We proved through this study that EM reduction of the AM cortices had benefits on biomechanical factors, espe- The results of this study indicated superior biomechanical properties with EM reduction compared to that with IM reduction (Fig. 5, 6 ), and this was associated with early bony contact of the AM cortex during sliding of the proximal fragment. Aside from superior stiffness in the EM reduction group, maximum load to failure and energy absorbed to failure were also superior in the EM group because the AM cortex was preserved until fixation failure in all specimens.
In 6 of the 8 specimens that underwent EM reduction, 
